Objective Biological disease-modifying anti-rheumatic drugs (bDMARDs) represent an important advance in alleviating rheumatoid arthritis (RA), but their effect on rheumatic airway disease (AD) and interstitial lung disease (ILD) is still unclear. This study was performed to evaluate the association of the use of different bDMARDs with new-onset or worsening of RA-AD/ILD. Methods We performed a retrospective cohort study of RA patients who received bDMARDs and assessed their AD/ILD before and after drug initiation in our hospital over the past 10 years. We evaluated the serial changes in computed tomography (CT), classified patients according to AD/ILD progression, and analyzed associations between clinical characteristics and outcomes. Results We enrolled 49 patients. Thirty patients received tumor necrosis factor inhibitors (TNFis), 12 received abatacept (ABT), and the remaining 7 received tocilizumab (TCZ). Seventeen patients had ILD, 10 had AD, and 6 had both AD and ILD before the initiation of bDMARDs. New emergence or exacerbation of AD/ILD was observed in 18 patients after drug initiation, while the remaining 31 remained stable or improved. Multiple logistic regression analyses revealed that pre-existing AD was an independent risk factor against the emergence or exacerbation of RA-AD/ILD, and ABT use was a protective factor against it. Conclusion Our study showed that pre-existing RA-AD is associated with future worsening of RA-AD/ ILD, and ABT over other bDMARDs was associated with a better prognosis. Future studies to confirm our results are needed.
The clinical, radiological and histological spectra of RA-ILD are also highly varied, ranging from conditions characterized by an inflammatory infiltrate (susceptible to corticosteroid/immune suppressants) to rapidly progressing fibrotic conditions with poor response to therapy. A higher prevalence of RA-ILD has been demonstrated in smokers, men, the seropositive and those who inherit shared epitopes (7, 8) . Thus, local and systemic inflammation together with persistent underlying immune cell activation cooperate to induce the development of ILD. As far as the autoimmune response is concerned, rheumatoid factor (RF) is able to worsen pulmonary inflammation in experimental models, and anti-cyclic citrullinated peptide antibodies (ACPAs) have recently been associated with ILD (7) . Although smoking and ACPA are linked (the enzyme responsible for protein citrullination is induced by smoking), the observation of ACPA in the bronchoalveolar lavage fluid (BALF) of nonsmoking RA patients clearly indicates the possibility that an inflamed lung can be the initial site of ACPA production (9) .
Both AD and ILD are recognized as causes of increased morbidity and mortality compared with RA patients free from respiratory involvement (10) . However, an optimal treatment for RA-AD/ILD has not been established. Furthermore, several conventional synthetic disease-modifying antirheumatic drugs (csDMARDs), such as methotrexate (MTX) and leflunomide, are considered to be involved in the development or exacerbation of respiratory abnormalities (11, 12) .
Biological DMARDs (bDMARDs) have dramatically improved the outcome of RA joint inflammation in recent years (13) . There are no reports on the influence of bDMARDs in RA-AD at present, but many studies have reported detailed analyses of bDMARDs in RA-ILD (14) (15) (16) (17) (18) . Some reports, including a national multicenter study, have indicated a preferable effect of abatacept (ABT) for RA-ILD (16, 18) while tumor necrosis factor inhibitors (TNFis) and tocilizumab (TCZ) have been shown to increase the risk of ILD exacerbation (14, 15) . Yusof et al. suggested that rituximab could be an acceptable choice for RA-ILD patients (17) , but a definitive ruling on bDMARDs use for RA-AD/ILD patients has not been determined because of the difficulty of conducting randomized prospective studies.
Therefore, in this study, we retrospectively investigated the association of the use of bDMARDs with the development and worsening of RA-AD/ILD and aimed to identify factors associated with the outcome.
Materials and Methods

Patients
All RA patients who initiated bDMARDs in our hospital between April 2008 and March 2017 were retrospectively evaluated. Study drugs that were classified as bDMARDs included TNFis (adalimumab, certolizumab-pegol, etanercept, golimumab, and infliximab), ABT, and TCZ. The inclusion criteria were consecutive adult patients (>20 years old), who received at least 2 courses of bDMARDs without switching to other ones, fulfilling the revised 1987 American College of Rheumatology (ACR) criteria (19) or the 2010 ACREuropean League Against Rheumatism (EULAR) classification criteria for RA (20) , and underwent chest evaluations by HRCT before and after bDMARD initiation.
This retrospective observational study was approved by the local ethics committee of the Tsukuba Clinical Research & Development Organization (H29-77, August 2017), and the patients had the chance to be excluded through our website. Because of the noninvasive, observational nature of our study, the ethics committee has permitted us to waive the need for written informed consent from each patient.
The evaluation of the clinical and HRCT findings
Clinical findings and laboratory data were collected from medical records. The presence or progression of AD/ILD on HRCT was visually evaluated and assessed by a rheumatologist with reference to the reports from one or two radiologists who have expertise in pulmonary CT and assessing AD/ILD. We categorized reticular shadow, honeycombing, and ground-glass opacity (GGO) as ILD and thickened bronchial walls, bronchiolitis, bronchodilation and mucoid impaction as AD. Exacerbation of AD was defined as the expansion of the affected areas and/or thickening of the bronchial walls with/without peribronchial infiltrates/peripheral airway obstruction.
Statistical analyses
We divided the patients into two groups: those whose HRCT findings were improved or stable after bDMARDs treatment and those who showed worsened images or had new AD/ILD lesions. We compared their clinical parameters, treatment received, and pre-treatment scans. In addition, we performed multivariable analyses on the parameters for which p values were <0.2 in the univariate analysis (number of concomitant csDMARDs: p=0.181, use of TNFi: p= 0.127, use of ABT: p=0.035, and pre-existing AD before bDMARDs initiation: p=0.026) to identify the factors that independently affected the deterioration of the AD/ILD status.
We used Fisher's exact test for categorical variables and Mann-Whitney U testing for continuous variables to compare the two groups. The selected parameters were used in multiple logistic regression testing. All statistical analyses were performed using the SPSS software program, Version 24 (IBM, Armonk, USA). Data were expressed as mean values with standard deviations. For all statistical analyses, a p value of <0.05 was considered significant. 
Results
Baseline characteristics at the initiation of bDMARDs
A total of 49 patients were included in the analysis (Table 1). Thirty-eight (77.6%) were women, and the mean age was 64.1±11.2 years. The median disease duration at the initiation of bDMARDs was 9.45 years. The mean C-reactive protein (CRP) value, which reflected the disease activity, was 2.36 mg/dL. Among these 49 patients, 36/45 patients (80.0%) were rheumatoid factor (RF)-positive, and 27/35 (77.1%) were ACPA-positive. Furthermore, 14/41(34.1%) patients were anti-SS-A antibody-positive. Of these anti-SS-A antibody-positive patients, 4 were diagnosed with comorbid Sjögren's syndrome according to the revised Japanese Ministry of Health criteria for the diagnosis of Sjögren's syndrome (21) . No other comorbid connective tissue diseases were found in this study.
Thirty (61.2%) patients were treated with TNFis, 12 (24.5%) with ABT (6 intravenously, 6 subcutaneously), and 7 (14.3%) with TCZ (6 intravenously, 1 subcutaneously). All bDMARDs were prescribed primarily for articular symptoms under the approved dosage in Japan, and no patient was treated solely with bDMARDs. With regard to csDMARD co-administration, 41/49 (83.7%) patients were treated with concomitant prednisolone (PSL) and 15/49 (30.6%) patients with MTX. Other csDMARDs were used in 35/49 (71.4%) patients, and the average number of non-MTX csDMARD prescriptions overall was 1.18±0.78.
HRCT was performed for these 49 patients at the discretion of rheumatologists. Twenty-two (44.9%) patients had their lungs scanned as a screening test at bDMARD initiation. Another 18 (36.7%) were scanned for chest X-ray abnormalities, and the remaining 9 (18.4%) were scanned because of complaints of pulmonary symptoms, such as cough and sputum.
Among the 49 patients, 17 (34.5%) had ILD before the initiation of bDMARDs, 10 (20.4%) had AD, and 6 (12.2%) had both AD and ILD. Another patient whose HRCT findings showed granular shadow was diagnosed with nontuberculous mycobacterial (NTM) infection by bronchoalveolar lavage fluid culture. No abnormalities were found in the remaining 15 patients (30.6%). Typical findings on HRCT before bDMARD initiation are shown in Fig. 1 . ILD included reticular shadow (Fig. 1A) , honeycombing (Fig. 1A) , and GGO (Fig. 1B) while AD included thickened bronchial walls (Fig. 1C), bronchiolitis (Fig. 1C) , bronchodilation (Fig. 1D) , and mucoid impaction (Fig. 1E) . Among the 17 subjects who had pre-existing ILD, 9 (18.4%) showed GGO, 6 (12.2%) showed honeycombing, and 5 (10.5%) showed reticular shadows (several patients showed multiple abnormalities). Furthermore, 24 (49.0%) patients [19 (79.2%) with ILD, 3 (12.5%) with AD, 2 (8.3%) with both AD and ILD] had their lungs scanned by HRCT more than twice in order to perform follow-up of abnormalities before bDMARD initiation. Among these 24 patients, 18 (75.0%) [16 (88.9%) with ILD, 1 (5.6%) with AD, and 1 (5.6%) with AD and ILD] were found to have no remarkable changes, while the remaining 6 [25.0%; 3 (50.0%) with ILD, 2 (33.3%) with AD, and 1 (16.7%) with AD and ILD] showed progressive AD and/or ILD before the initiation.
Changes in HRCT findings by bDMARD administration
The first follow-up HRCT scans were obtained an average (Fig. 2) . Scans were performed to follow pre-existing AD/ILD in 30 (61.2%) patients. Another 7 (14.3%) patients underwent scanning due to their pulmonary symptoms, and 2 (4.1%) received scans for newly-emerged X-ray abnormalities. HRCTs were performed in the remaining 10 (20.4%) patients for other reasons, such as malignancy survey or suspicion of pulmonary thromboembolism. Among the 17 patients who had ILD before the initiation, 3 (17.6%) had improved, 9 (52.9%) remained stable, and 5 (29.4%) showed visible deterioration on imaging. Only GGOs were improved in the three patients whose ILD was recognized as improved. In addition, among the five patients whose ILD was exacerbated at follow-up HRCT, two showed exacerbation of both GGO and reticular shadow, another two showed exacerbation of honeycombing and reticular shadow, and the remaining one showed reticular shadow exacerbation. Furthermore, among the 10 patients who had pre-existing AD, 5 (50.0%) were revealed to have AD exacerbation, and 2 (20.0%) had developed new ILD. Of note, only 1 patient who showed improvement of AD was treated with ABT. In addition, in the 6 patients who had had both AD and ILD, improvement was observed in only 1 patient (16.7%) whose improvement was occurred only about ILD, whereas the AD status was unchanged. Two patients (33.3%) in that same group showed exacerbation of both AD and ILD on followup HRCT. Both AD and ILD were unchanged in the remaining 3 patients (50.0%).
Four out of 15 (26.7%) patients without pre-existing AD/ ILD had newly emerged respiratory abnormalities on subsequent imaging; 3 showed AD emergence, and 1 showed new ILD, while the other 11 (68.8%) did not show any abnormalities before or after bDMARD treatment. In addition, the NTM infection found during bDMARD initiation that was treated with ABT and concomitant isoniazid, rifampicin and clarithromycin had not worsened on subsequent HRCT.
Of the 49 total patients, 6 had infectious pneumonia at the first follow-up HRCT scan (Fig. 3) . All six of these infected patients had respiratory symptoms, such as persistent cough, dyspnea or increased sputum, and their HRCT scans revealed accordant findings. Infections were diagnosed not only by radiological findings but also clinical parameters and disease courses. These six patients included one with pre-existing ILD, three with pre-existing AD and two whose previous HRCT scans had been normal. The four patients with pre-existing AD/ILD had pneumonia lesions similar to those seen on previous HRCT, and a radiological diagnosis pointed to the eventual exacerbation of pre-existing AD/ILD aside from pneumonia. In the two patients whose previous HRCT scans had revealed no abnormalities, neither AD nor ILD emergence were observed. All affected patients were treated with antibiotics, and bDMARD administration was 
Risk factors associated with AD/ILD exacerbation or emergence after bDMARDs initiation
To identify the risk factors associated with AD/ILD progression, we divided the patients into 2 groups: those who had improved or stable HRCT images (31 patients) and those who had exacerbated or newly emerged AD/ILD (18 patients) ( Table 2 ). Patients whose AD/ILD deteriorated after bDMARD initiation more frequently had pre-existing AD (7/18, 38.9%) than those whose AD/ILD was stable or improved (3/31, 9.7%) (p=0.026). Furthermore, in the exacerbated or newly-emerged group, significantly fewer patients (1/18, 5.6%) received ABT than the stable group (11/31, 35.5%) (p=0.035). There were no significant differences between the groups in the age, sex, respiratory symptoms, baseline laboratory data, PSL usage and csDMARD status. In addition, no statistically significant difference was detected in the patient background data between ABT users and non-ABT users (Table 3) .
Next, we took factors with p values of <0.2 in these univariate analyses and performed multiple logistic regression analyses with them (Fig. 4) . Pre-existing AD (p=0.026), ABT use (p=0.035), TNFi use (p=0.127) and numbers of concomitant csDMARDs (p=0.181) were selected. Among these factors, the multivariate analyses revealed that preexisting AD was a significant independent risk factor for (odds ratio=7.40, 95% confidence interval=1.28-42.8) while ABT use was a significant independent protective factor against (odds ratio=0.07, 95% confidence interval=0.01-0.99) exacerbation or new emergence of RA-AD/ILD.
Discussion
This study revealed two clinical important findings about the effect of bDMARDs on AD and ILD in RA patients.
First, pre-existing AD was an independent risk factor for the exacerbation of RA-AD or new emergence of RA-ILD after the initiation of bDMARDs. To our knowledge, this is the first study to analyze the influence of bDMARDs on RA-AD. As such, the concrete mechanism for this result remains unclear, but we speculate that subclinical infections of the lower airway associated with bDMARD administration may worsen pre-existing AD. Two studies (22, 23) bolster this theory with reports of increased pulmonary infection frequency in RA-AD patients versus patients with only RA on bDMARDs. In addition, infections are well known to exacerbate AD (24) . Consistent with this hypothesis, HRCT of all three patients with RA-AD who had clinical pulmonary infections during bDMARD treatment experienced worsening of AD in addition to their infections.
Second, we found that ABT was an independent protective factor for RA-AD/ILD exacerbation or emergence after the initiation of bDMARDs. ABT is a CTLA-4Ig that blocks T cell co-stimulation (25) . The efficacy of ABT for RA synovitis (26, 27) has been verified by several reports that also indicated a beneficial effect on RA-ILD (16, 18, 28) . To our knowledge, there are no reports detailing the mechanism of how ABT influences RA-AD/ILD. However, reports using murine models indicate that CTLA-4Ig has a protective effect against inflammatory lung diseases, supporting our findings. Ying et al. showed a beneficial effect of CTLA-4Ig in a murine asthma model, where it contributed to an increase of lung-infiltrating regulatory T cells (29) . Israël-Assayag et al. also proved that CTLA-4Ig reduced the production of several cytokines in T cells and ameliorated hypersensitivity-mediated pneumonitis in mice (30) . As T cell infiltration in the tissues has been observed in RA-ILD (4) and RA-AD, (4, 31) this opens up the potential use of ABT to downregulate these errant T cells. It is noteworthly that the use of CTLA-4 blockers, such as ipilimumab, has been reported to result in immune-related pneumonitis (e.g. ILD or sarcoidosis) (32) suggesting that CTLA-4 might exert a protective effect against these types of lung diseases. Furthermore, according to a report by Harigai et al., ABT may be associated with a lower risk for infection than other bDMARDs (33) , as the reduced frequency of lower airway infections might contribute to the protective effect against AD/ILD. This study has several limitations. First, the presence of RA-AD/ILD was assessed only by HRCT, limiting our ability to assess the actual pulmonary function. Second, as all patients were treated concomitantly with csDMARDs, any effects on respiratory progression could not be attributed to bDMARDs alone. Third, the inconsistent duration of followup HRCT was due to the retrospective design of the study. Finally, the lack of a control group made interpreting the effect of bDMARDs on the natural course of AD/ILD difficult. To account for this, patients were used as their own controls (with pre-and post-treatment HRCT trends) to highlight any effect attributable to bDMARDs.
Despite these limitations, we believe that our report contributes valuable findings to a field in which no prospective studies on RA-AD/ILD are currently available.
In conclusion, we herein report the influence of bDMARDs on RA-AD and ILD. Our findings suggest that physicians should be alert for RA-AD when patients are treated with bDMARDs. In addition, our results agree with previous papers that showed a better outcome with ABT for RA-associated lung disease than with other bDMARDs (16, 18, 28) . Large, randomized prospective studies as well as mechanistic studies into the interactions between ABT and RA-AD/ILD are needed to confirm these promising initial results. 
